An investigation of diluent effect in the extraction of metals was carried out by examining the equilibrium distribution of copper and nickel in hydroxyoximeas extractant, using //-heptane, xylene, nitrobenzene and several oxygen-containing polar solvents as diluents. Froma comparison in the shift of the infra-red absorption band of oxime and the extraction constant for each diluent, the strength of the interaction between the oxime and diluent molecules resulting from hydrogen-bonding can be used as a measure of the diluent effect. Progressive replacement of //-heptane by an oxygen-containing polar solvent causes the extraction performance to be sharply reduced, without changing the molecular form of the extracted species. The extent of this reduction can be accounted for by the formation of an intermolecular complex between the oxime and polar solvent molecules, and the equilibrium constants of these complexes are reported. Identical treatment and analysis have been carried out for the combinations of xylene and polar solvents, and for //-heptane and xylene.
Introduction
In the liquid-liquid extraction of metals, the extractants (active reagents) are usually used in a diluted form in organic solvents to permit contact of the often highly viscous extractant with the aqueous feed solution. In practice a modifier, such as higher phenols and alcohols, is sometimes added to the organic solution to improve the general level of performance or to prevent the formation of a third phase. The diluent is then not only a carrier, but also a participant in the extraction process, since the extraction and separation of metals can often be related to the selection of the diluent and modifier. The role of the modifier may therefore be regarded as being in the same category as that of a diluent.
Ritcey and Lucas15) were the first to investigate the effect of the diluent and modifier on extraction performancefor several combinations of commercially available extraction systems. They found that an increase in polarity or dielectric constant of the diluent caused a reduction in effectiveness of extraction. Spink and Okuhara16) investigated the diluent effect in copper extraction using a /?-hydroxyquinoline extractant and found that the extraction constants could be qualitatively correlated with the solubility parameter of the diluent. The diluents employed were limited to those commercially available in large quantities. For copper, using a hydroxyoximechelating extractant, better equilibrium performance and kinetics have been found for aliphatic paraffins than for aromatic hydrocarbon diluents.5'12'17~19) The variation with changes in the diluent is considered to be the result of concentration of the free monomeric oxime, which is the monomericoximenot solvated by the diluent and which is still effective for complexing with copper ions.n) A systematic study of the nature of the interaction between extractant and diluent molecules can be expected to lead to a reasonably complete picture of this diluent effect. The hydroxyoxime molecule has an oxime-hydroxyl group which behaves as an electron acceptor (or hydrogen donor). Aromatic hydrocarbon molecules have a 7i-electron on the benzene ring and thus act as an electron donor.2) Whenthese two encounter each other, an intermodular complex, ncomplex, is likely to be formed. This will represent an additional energy barrier to be overcome before the formation of metal-oxime complex. Thus, the effective free monomericoximeconcentration is reduced in an aromatic diluent. This kind of interaction has been found by infrared spectra studies.4) The other type of electron-donor species are the oxygencontaining compounds (^-donors) which are often used as modifiers. When the oxygen in the compound has lone-pair electrons, it tends to coordinate with hydroxyoxime to form an intermolecular complex. Several experimental works have reported the effect of addition of higher phenols and alcohols on the extraction performance of the chelating extractants.3>4'8'19) Dalton, as a manufacturer of the extractants, has proposed the use of nonylphenol to modify the pH functionality of the extractant. 4) In the present study, 2-hydroxy-5-nonylbenzophenone oxime has been used as the hydroxyoxime extractant. Several organic solvents have been used as examples of paraffins, aromatics and oxygencontaining polar solvents as well as a solvent with a high value of di-electric constant. Extraction performance has been measured both for single-diluent and mixed-diluent systems. The organic solutions have also been studied by infrared spectra. solutions were prepared by diluting the oxime in pure diluents or in mixtures of two diluents.
Procedures
The infrared spectra of the organic solution containing the oxime were obtained with a HitachiPerkin Elmer 225 IR Spectrophotometer and 0.1 mm NaCl cell at 25-27°C. The procedure for measurement of the extraction equilibria of copper and nickel has been described elsewhere.11'12* The concentration of unboundoxime in the organic solution at equilibrium conditions was determined by mass balance. In the majority of cases, however, the concentration change was negligible, since a large excess of the oxime was used comparedto the amountof metal extracted.
Results

Infrared spectra
The infrared spectra of the organic solutions were N-OH group has been made, following earlier studies.4'10'13*
The spectra for^-heptane show a sharp band at 3595cm"1 due to the monomeric N-OHgroup and a further strong band at 3395cm"1 due to the associated species. For xylene, the band due to the monomeris shifted to 3485cm"1 and is more intense. In the case of nitrobenzene, the band is shifted to 3465cm"1 and is very broad.
In w-donor diluent systems, the band due to the monomer is shifted by 285-310 cm"1 to a longer-wave region and that due to the associated species cannot be detected. The peak positions are summarized in Table 1 . In 2-ethylhexanol, the band would be shifted to 3100-3300cm"1 but this wave range overlaps the strong absorption due to the alcoholic OH. These results indicate that the oxime molecules are much morestrongly stabilized (solvated) in «-donor diluents than in xylene and nitrobenzene. The oxime in «-donor diluents is more appropriately called an oxime/fl-donor diluent complex. The spectra for mixed solutions are also illustrated in Figs. l(a)-(c), where the host diluent,^-heptane or xylene, is replaced progressively by an «-donor diluent. The intensity of the peak corresponding to the oxime/n-donor diluent complex (which was observed for single «-donor diluent) is seen to increase progressively at the expense of the monomeric N-OH peak for the host diluent. With replacement of nheptane by w-butyl ether, even at a composition of 4%, as shown in Fig. l(c) , a new absorption peak corresponding to the oxime/w-butyl ether complex does appear and the peak at 3395cm*, corresponding to the associated oxime species for^-heptane, is eliminated.
The spectra for the mixed solutions of^-heptane and xylene are illustrated in Fig. l(d) , where nheptane is replaced progressively by xylene. Three species, corresponding to the monomeric and associated species for n-heptane and the monomeric species for xylene diluent, are observed, indicating a considerable interaction between the oxime and xylene molecules. 
Thus,
where Kex and D are the extraction constant and distribution ratio of the metal, respectively. RHis the monomeric species in the diluent and its concentration is related to the total (analytical) concentration, CRH, by the dimerization constant as follows.
The constants with the present oxime have been determined previously11>12) as K2= \2 x 10"1 m3/mol in^-heptane and K2=3 x 10~3 m3/mol in xylene. The present infrared spectra study has shown that the Table 1 . The constants for «-donor diluent systems are markedly reduced to a value of the order of 10"3. In particular, the ratio of the constants for the two diluents, (^ex,n-hePtane/^ex,aicohoi)cu?
is as large as 7 x 104. Zeeuw and Kok19) have found that ether-based hydroxyoximes do not extract copper from acidic solution, only from ammoniacal solution. Blumberg and Gai3) have found that alcohol and ketone solutions do not extract copper in a single mixer-settler. These findings indicate that the pH functionality is much less, as has been found in the present experiments.
The results for nickel extraction are shown in Fig. 3 , and the extraction constants are summarized in Table  1 . The ratio of the constants for the two metals in nheptane, (A^W^N^-heptane, is 7.5 x lO5. This large value is to be expected, since the present oxime has been employed in the selective extraction of copper.
In fact, an industrial process for the extraction of nickel was carried out using an ammoniacal solution.1* The ratio, (K^n_h^JKQxMcoho)m, is again raised to 105, which indicates that the diluent effect is very significant whatever metal is being extracted. The ordering of the extraction constants in terms of magnitude for the diluents used in the present study is different from the order found based on solubility parameters or dielectric constants.
Solubility parameters and dielectric constants are unlikely to account for the diluent effect on metal extraction for all diluents employed in the present work, but may be useful for some limited combinations of the diluents.
It is seen from Table 1 that there is less effective extraction due to the diluents where the oxime species is shifted to the longer-wave region. This suggests that the strength of the oxime-diluent interaction, through hydrogen-bonding, can be regarded as a measure of the diluent effect. ing a strong solvation effect caused by the alcohol.
The extent of reduction is greater in rc-heptane than in xylene, since the oxime molecules in xylene have already been stabilized by the formation of a ncomplex. It is seen to be dependent on the «-donor diluent added, although the constants of copper extraction for single diluents have similar values, i.e. between 1.3x 10"3 and 3.0x 10"3.
2)^-Heptane mixed with xylene
The results are shown in Fig. 6 , which shows the reduction is relatively small and becomes smaller with increasing oxime content. These features suggest that the interaction between the oxime and xylene molecules may be significant but is not particularly strong.
2.4 Formation of intermolecular complex 1) fi-Heptane or xylene mixed with rc-donor diluent An attempt has been madeto carry out a systematic study of the behaviour of the oxime molecule in mixed diluents. The dimeric oxime species have been eliminated in the mixed diluent. The intermolecular complex is considered to be formed as
where RH, R!OR2 and K{ denote, respectively, the free monomeric oxime species, «-donor diluent and the formation constant of the intermolecular complex. The resultant complex, RHORiR^is assumed to be muchless active for chelate formation with metal compared with the parent free oxime, RH, in nheptane or xylene. 
This enables the concentration, [RH] , to be estimated from the extraction data shown in Figs. 4 and 5.
The formation constants thus obtained for each system are also summarized in Table 1 . The effect of oxime concentration is illustrated in Fig. 7 , which indicates that the constant is independent of oxime concentration, as expected. The solid lines in Figs. 4 and 5 are those calculated using the constants shown in Table 1 . The data fall on corresponding lines, except at very low values of the ratios. The reduction in extraction performance by the addition of the ndonor diluent can be accounted for by the formation Fig. 7 . Effect of oxime concentration on formation constant for the complex.
of the intermolecular complex which is much less active for chelate formation with metal.
For this system, the dimeric oxime species in nheptane do exist, together with the monomeric oxime species in w-heptane and xylene. The behaviour of the monomericoxime species in rc-heptane is different from that in xylene, since the latter has been stabilized by the formation of a 7i-complex with xylene mol-
and from a mass-balance,
where RH and RHxylene denote, respectively, the monomeric oxime species in^-heptane and its intermolecular 7c-complex with xylene molecule. The extraction constant for RHand that for RHxyleneare assumed to be identical for the monomerin pure nheptane (Xex=90), and for the monomerin pure xylene (Kex= l.5). Thus, (10) Using Eqs. (8)- (10) and the data shown in Fig. 6 , the value of Kf is estimated as^f=5 x 10~4m3/mol. The solid lines in Fig. 6 have been calculated using this value. All the data fall on the corresponding lines for low vol.% of xylene added. The contribution of the complex, [RHxylene] , to the overall extraction performance in the mixed diluent having a volume ratio 1 : 1 is found to be about 7%, although the ratio, 
Discussion
The extraction of copper with a mixture of the oxime used in this work and di-(2-ethylhexyl)-382 phosphoric acid (HDEHP)was examined under such conditions that the formation of Cu-HDEHP complex is negligible in the previous study.12) HDEHP added in quantities up to 10mol/m3 in xylene and lmol/m3 in^-heptane diluents has been found to have little influence on the extraction performance, as shown in Fig. 8 . In larger amounts, extraction performance is reduced. The extent of the reduction is dependent on the oxime content in the nheptane but is independent of the oxime in the xylene diluent. The HDEHPmolecule has a P-^O group which belongs to the category of rc-donor diluents.2) An identical analysis has been carried out for this system.
The intermolecular complex between the oxime and the HDEHPmolecules is assumed to have negligible ability for extraction compared with the free oxime.
The formation constants thus obtained are Kf= 2x10"2m3/mol for w-heptane and K{=2.1x 10~3m3/mol for xylene as diluents.
The solid lines in Fig. 8 are those calculated using these constants and the data are seen to cluster on the corresponding lines. The different characteristics for the data with^-heptane and xylene can therefore be attributed to the different values of the formation constant of the intermolecular complex in each diluent.
C onclusion
The diluent effect on the extraction of copper and nickel from nitrate media with 2-hydroxy-5-nonylbenzophenone oxime has been studied using nheptane, xylene, nitrobenzene, and several oxygencontaining polar solvents («-donor diluent) with the following results.
1) The concept of the solubility parameter or the dielectric constant of the diluent is not likely to account for the diluent effect on extraction performance for the present combination of diluents.
2) The infrared spectra study shows that the oxime molecules in the w-donor diluents are strongly stabilized by the formation of an intermolecular complex with the diluent molecules. As a result, when the «-donor solvents are used as diluents, the extraction performance is reduced to 1/4.5 x 104 when nheptane is used as a diluent and 1/7.5x102 with xylene. This diluent effect holds for nickel extraction as well. The constants are summarized in Table 1. 3) With the progressive replacement of^-heptane or xylene by rc-donor diluent, extraction performance of the oxime falls rapidly. The decrease is accounted for by the formation of an intermolecular complex with the rc-donor diluent molecule. The formation constants for the complexes are summarizedin Table   1. 4) Considerable interaction is observed between 
